The more that patient characteristics which influence health outcome are taken into account-for example by statistical adjustment-the more likely it is to obtain an unbiased assessment of the association between hospital or physician volume and outcome. 6 Routine hospital data are rarely sufficiently detailed to adjust adequately for case mix. Studies that adjust for risk of death based on detailed clinical data are the most valid.
All the studies identified were graded on a four point scale from 0-III where 0 indicates no adjustment, I adjustment for age and sex only, II for some clinical risk factors, and III indicates more extensive adjustment with validated clinical risk factors or scores.
The importance of adequate adjustment is well illustrated in studies of coronary artery bypass graft surgery (CABG) and also intensive care. In the case of CABG, the size of the relation between low volume (<200 procedures a year) and increased mortality is reduced in studies which better adjust for differences in patient risk (figure) .' In the case of adult intensive care in the United Kingdom, where well validated prognostic indicators have been developed (APACHE II), higher mortality found in smaller intensive care units with unadjusted data were no longer significant after adjusting for case mix. The average level of severity was higher in patients admitted to smaller units. 8 Only one study identified used a randomised controlled trial design to evaluate the effect of differences in volume per clinician in comparable groups of patients.'8 In this study of 50 patients at two university hospitals no differences in clinical outcome (or total costs) were found between the two groups receiving angioplasty.
Most studies identified did not sufficiently take into account the effects of differences in patient case mix. In these, the size of the relation between volume and outcome (principally mortality) is reduced, or even disappears, compared with unadjusted data, although it is still considerable in several cases (table 1) . This result may seem counterintuitive: it is often assumed that one hospital must be more efficient than two smaller ones as duplication of management at the very least, may be eliminated. However, this may not be the case; it is possible that more management is required to run a large organisation than two small ones. More fundamentally, it is the total cost per episode and not just the management cost that is important, and that has been studied. Even when larger hospitals have fewer managers, they may not gain in efficiency. This may be due to a decline in standards of management leading to reduced efficiency, or to a redistribution of management tasks to non-traditional managers, so reducing output. To examine this question properly would require studies which considered simultaneously both the cost and outcomes data. Table 2 puts these results in an English context. However, several caveats must be emphasised in applying these results. Firstly, the review has evaluated cost economies in the production of acute services and not examined the optimal scale for subacute services-for example, in cottage hospitals. No relevant publication was identified that examined economies in training. Secondly, publications on economies of scale are directly relevant only to those hospitals which are technically efficient. Where hospitals are characterised by excess capacity and unused facilities, concentration may (but need not)49 be an efficient means of lowering overall unit costs by reducing surplus capacity or an expeditious way locally to restructure health services.
The evidence from the review of links between volume and quality already discussed shows that for some specialties there may be quality gains from increased volume. There might also be links between specialties that improve quality (research evidence in this area is scant). Together these may imply quality gains from hospital scale that compensate for reduced efficiency.
In the light of these caveats, the principle tentative conclusions from the literature review are that there is no evidence that cost savings can be secured merely by increasing scale beyond 200 beds and that it is likely that large hospitals (above 600 beds) have inefficiencies, although these may be offset in other ways.
Patient access Consideration of the potential effects of concentration of hospital services on patient access is also important. The systematic review4 identified nearly 50 studies of patient access which in general provide poor quality evidence. The research in this area focuses almost exclusively on the relation between observed rates of use and distance (or travel time) as a proxy for access. This is, at best, a partial approach because distance is only one of several likely factors-for example, opening hours, personal mobility, sex, language, or socioeconomic group-affecting access. Also, most of the studies identified were cross sectional and were poorly controlled for the effects of confounding variables. Bearing in mind the important qualification on the quality of many of the studies, the review suggests that: there is evidence of a reduction in access with distance (distance decay) particularly in areas where perceptions of need and importance may be 1ow50-for example, mammography,5' cervical cytology,52
and aftercare for alcoholism53-but also self referral to accident and emergency departments.5456 One study showed that positive systematic action such as a call and recall system improved the use of a centralised screening programme in the United Kingdom.54 Distance may not affect attendance when the clinic is related to cancer.57
There is conflicting evidence for inpatient services present in research from North America,'6"5 whereas that from the United Kingdom finds evidence of distance decay in each case. 53 7 Although not conclusive, the evidence is consistent with the view that accessibility is likely to be adversely affected by the distance from the hospital. However, these studies often poorly adjust for factors such as severity and need. A few studies have reported reductions in the frequency of patients visiting the hospital as distance increases. [68] [69] [70] There is mixed evidence about the impact of distance on health outcome. 
